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S p itz e r ,  Cheryl L . ,  M.A., Fa ll 1979 Psychology
Performance of M aternally Zinc D e fic ien t Rhesus Monkeys on Oddity 
Tasks ^3pp .)
D irec to r; Dr, Dayid A. StroUel
The present study examined the e f fe c t  o f maternal zinc d e fic ien ­
cies on the a b i l i t y  o f  the offspring  to perform on a series o f  
complex oddity tasks. Subjects had mothers that were fed a zinc 
d e f ic ie n t  d ie t  during the th ird  trim ester o f  pregnancy. The re­
maining four animals had mothers that were fed a d ie t  adequate in  
zinc throughout pregnancy. Each animal was tested on four two -  
positional oddity tasks which were: color o dd ity , form oddity ,
combination color and form task and the Weigl P rin c ip le . Twenty- 
f iv e  t r i a ls  were run each day fo r a to ta l o f  30 days fo r  each o f  
the four tasks. A one-way analysis o f variance was performed on 
the number o f correct responses on each task. Both groups showed 
learning o f a l l  the oddity tasks, although individual differences  
in  performance were apparent. No main differences were found 
between treatment groups. Results were discussed in terms o f the 
e f fe c t  o f  maternal zinc deficiency on the maturation of the brain,
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CHAPTER I
INTRODUCTION
The Nature of the Problem
Researchers have recently begun to analyze dietary 
requirements that are necessary for survival, including trace 
elements such as copper, magnesium and zinc. The aim of the 
investigations has been to determine whether the lack of any 
of these above mentioned dietary components would precipitate
adverse physiological reactions in the liviner organisms (Scrim­
shaw & Gordon, 1968; Cox, C h u , & Schlicker, 1969; Prasad & 
Oberleas, 1976). Adverse effects associated with a deficiency 
of zinc in the diet has been detected in humans, specifically 
in males. Manifestations of the zinc deficiency syndrome 
include growth retardation and testicular hypofunctioning. 
Further examination of individuals afflicted with this nutri­
tional disorder revealed a reduction in the quantity of zinc 
in the plasma and red blood cells, along with a decrement in 
the amount of zinc excreted as compared to normal individuals 
(Prasad, 1967), A large percentage of the cases of zinc de ­
ficiencies that have been reported occurred in Egypt and 
Iran ; an extremely high incidence of deformaties of the cen­
tral nervous system has also been found in these two countries 
Thus, it has been hypothesized that there may be a connection
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between zinc deficient diet and central nervous system abnor­
malities (Sever & Emanuel, 1972).
Studies in the United States have disclosed that 
various groups of individuals appear to have marginal zinc 
intake. Included in these goups are infants, teenagers, 
college women, low income families, and some pregnant women 
(Sandstead, 1973), A marked reduction in the zinc content 
of the body has been noted in all women during the third 
trimester of pregnancy. Zinc content, during the latter 
third of pregnancy was determined to drop significantly from 
normal levels of .96± 0.13 mg. zinc/ml. to ,6 0 ± .1 mg. zinc/ 
ml, (Underwood, 1971). The reduction in zinc levels during 
pregnancy was of primary concern since the reduction in 
blood levels of zinc occurred not only in the mother, but in 
the fetus as well (Underwood, 1971).
Biochemical techniques have been developed that 
allow intensive studies to be performed on the function of 
trace elements in the body. Through these techniques it has 
become apparent that zinc is an essential element in numerous 
physiological processes; it is a fundamental component of 
about 15-20 metalloenzymes, including lactic dehydrogenase 
and glutamic dehydrogenase. It was also ascertained that 
zinc is a cofactor for the action of pyridoxal phosphokinase 
(Li, 1966; Swenerton & Hurley, 1968). It should be pointed 
out that the above-mentioned enzymes play an essential role
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
in energy production and protein metabolism.
Based on this Information, that suggests that zinc 
Is Important for bodily functions. Investigators have looked 
more precisely at the effects of zinc deficiency. To con­
duct controlled studies on both the physiological and be­
havioral effects of zinc deficiency. It Is necessary to use 
animals rather than humans as subjects. One advantage of 
using animals In nutrition research Is that It allows the 
researchers to measure more precisely the effects of the 
specific dietary component; thus, eliminating several var­
iables which are prevalent In human studies. For example, 
in humans, zinc deficiency rarely, If ever, occurs alone ; 
variables such as undernutrItIon, disease, and socioeconomic 
factors may compound the findings on humans so that the 
effect of zinc deficiency per se cannot be ascertained. 
Secondly, animals as research subjects must be used to allow 
physiological, biochemical, neurological and histological 
studies to be carried out on zinc deficient organisms, several 
of which cannot ethically be performed on humans. Rats are 
most often used as subjects to study the physiological effects 
of zinc deficiency.
Physiological Effects of Zinc Deficiency
In rats, the central nervous system Is more vulner­
able to the effects of Inadequate dietary zinc than In any 
other organ (Eckhert & Hurley, 1977). It has been suggested
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
that the susceptibility of the brain to adverse effects of 
deficient diets may depend on when the diet was administered. 
It appears that zinc deficiency has its most profound effects 
on rapidly proliferating tissue (Fosmire, Al-Ubaidi, Halas & 
Sandstead, 1974; Buell, Fosmire, Ollerich & Sandstead, 1977). 
The term "critical period" has been used to refer to this 
time at which an organ is at the maximum rate of prolifera­
tion (Bobbing, 1972). Thus, during the critical period of 
brain development, vulnerability to deficient diets is in­
creased (Bobbing, 1968; Bobbing, 1972; Herschosowitz & Rossi, 
1972 ; Van Murait, 1972 ; Sandstead, 1973; Fosmire, Al-Ubaidi, 
Halas & Sandstead, 1974). For rats, the critical period of 
brain growth appears to be the first week following partition. 
It has been pointed out that there also appears to be an­
other growth spurt during early fetal development (Fosmire, 
Al-Ubaidi, Halas, & Sandstead, 1974). Most of the physio­
logical research has examined the effects of the zinc defi­
cient diet during either the early fetal developmental period 
or postnatal period.
Investigations have also examined the effect of 
zinc deficiency on the development of congenital malforma­
tion in the rat. Hurley and Swenerton (1966) studied the 
fetuses of rats whose mothers were fed a marerinallv zinc defi- 
ient diet (9ppm) from weaning and were then fed an Oppm zinc 
diet throughout pregnancies. An ad libitum group was also
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
included in this study; this group was fed a normal diet 
throughout the study. Congenital malformations occurred in 
98% of the fetuses of zinc deficient rats; whereas only 2 to 
4% of the ad libitum fetuses had any malformations. The 
zinc deficient fetuses were characterized by misshapen heads, 
clubbed feet, or missing digits. Doming of the skull and 
poor ossification of the cranial bones were apparent in sev­
eral of the zinc deficient fetuses. A high incidence of soft 
tissue malformations was noted in several organs, including 
the brain. Similar results were obtained when mothers were 
fed the zinc deficient diet from day zero of gestation through­
out pregnancy. Ninety percent of the zinc deficient fetuses 
showed gross congenital malformations in this case (Hurley, 
1969).
Other researchers have attempted to determine whether 
malformations occurred only when the dams were fed a zinc 
deficient diet throughout pregnancy, or whether the same 
effects could be produced by varying the onset and duration 
of the deficiency. Short periods of 10 days of dietary in­
sult were noted to result in a high incidence of congenital 
malformations (Hurley, 1968). One study examined the effects 
of a zinc deficient diet when it was administered to the rat 
mothers at varying times during the pregnancy. At approxi­
mately three weeks of age, rats were inspected for congenital 
malformations. Feeding dams a zinc deficient diet during days
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 to 14 of gestation resulted in rapid and marked lowering of 
maternal plasma zinc levels. On day 8, after only two days of 
dietary treatment, zinc levels dropped from 133 to 53 mg. 
Zn/lOOml. Malformations observed in the offspring included 
cleft palates, clubbed feet, anophthalmia and hydrocephalus 
(Hurley & Mutch, 1973).
A second study explored the effects of transitory 
zinc deficiency on fetal development. The length of zinc 
defiency was varied: 1) a zinc deficient diet was given
from day 1 of gestation until day 6, 8, 10, 12, 14, 16 or 
18; 2) the zinc deficient diet was given beginning on day 
4, 6, 8, 10, 12, or 14; 3) dams were fed the deficient diet 
throughout pregnancy; or 4) they were not fed the zinc de­
ficient diet. Since rats who are zinc deficient reduce their 
intake of food, a pair-fed control group was used which re­
ceived the same amount of the same diet as that consumed by 
the zinc deficient rats. The pair-fed group was also given 
zinc supplemented water so that they were not deprived of 
zinc but only had a reduction of food intake. This allowed 
the investigators to eliminate the effects of reduced calorie 
intake from the results obtained with the zinc deficient rats 
per se. Of the entire group of zinc deprived rats, 94% had 
reabsorbed or malformed fetuses. Teratogenic effects were 
also found to occur as a result of the transitory zinc de­
ficiency, The lack of zinc from day 0 to day 21 of gestation.
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resulted in the highest incidence of brain malformations in 
the rats. Malformations were not observed in the pair-fed 
control group. The authors concluded that teratogenic effects 
observed in this study were due to zinc deficiency per se, 
and not to undernutrition of the organisms (Hurley, Gowan & 
Swenerton, 1971).
Warkany and Petering (1972) closely examined the
effects of maternal malnutrition on congenital malformations,
specifically of the central nervous system. Female rats
were fed zinc dificient diets throughout their pregnancy. On
day 20 or 21, the rats were killed and the fetuses removed 
surgically. Of the 193 fetuses, 136 or 70.5% of the fetuses 
were found to be abnormal. A variety of malformations was 
found in various organs, including the brain; gross malform­
ations, such as exencephaly and hydrocephaly, were apparent.
In the rats showing abnormalities, further damage was ob­
served when brain sections were examined; disorganization of 
brain structures was discovered, enlargement of the ventricles 
appeared in several cases, and the entire architecture of the 
forebrain appeared altered in several fetuses. Though some 
structures such as the corpus callosum and anterior commissure 
failed to develop, the organs of the fourth ventricle and brain 
stem appeared normal. Changes in brain development appears 
to be related to changes in growth of the brain.
An impairment in brain growth and a reduction in the
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size of the brain, which may contribute to the development of 
malformations, has been observed in the offspring of rats fed 
a zinc deficient diet. However, pair-fed control animals did 
not show brain growth impairment (Hurley, Gowan & Swenerton,
1971). Retardation of cellular division appears to be the 
underlying mechanism for the reduction in brain size and growth 
(Duerre, Ford & Sandstead, 1977). This reduction in cellular 
division results in a permanent reduction in the number of 
brain cells (Herschkowitz & Ross, 1972 ; Winick, Rosso & Brasel,
1972).
Considerable evidence has been presented that supports 
the notion that cellular division is adversely affected by 
zinc deficiency. Reduction in the formation of histones has 
been noted, suggesting impaired cellular proliferation ; thus, 
cells divide at a slower rate than normal (Duerre, Ford & 
Sandstead, 1977). After finding a decrease in the incorpora­
tion of thymidine into zinc deficient embryos, Swenerton, et 
al., (1969) suggests that the impairment of DNA synthesis may 
be a contributing factor to zinc related decrease in cellular 
division, A reduction in thymidine kinase activity is noted 
which also indicates impairment in DNA synthesis. It is 
suggested that the reduction in these enzymes, plus the de­
crease in thymidine incorporation, denotes this DNA impair­
ment that may give rise to the teratogenic effects of zinc 
deficiency (Dreosti & Hurley, 1975). Further studies have
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provided evidence that cellular division was impaired in zinc 
deficient embryos as a result of a reduction in DNA polymerase, 
which is an enzyme required for DNA replication and in turn 
cell division (Swenerton, Shrader, & Hurley, 1969; Winick,
Rosso & Brasel, 1972).
Most of the studies that reported a reduction in DNA 
and cellular division observed this process occurring in var­
ious organs, including the liver and the brain. One study 
claimed that following a zinc deficient diet, rats showed a 
greater decrease of DNA in the central nervous system than any 
other organ of the body (Eckhert & Hurley, 1977). However, 
not all areas of the brain are affected equally. As mentioned 
previously in the study by Warkany and Petering (1972) which 
examined malformations of the central nervous system, certain 
structures are more adversely effected than others. They con­
cluded that the most profound effects were apparent in the 
forebrain. fosmire, Al-Ubaidi, Halas & Sandstead (1974) also 
found that zinc deficiency adversely affected the forebrain ; 
in that there was a large deficit in total protein content in 
the forebrain as compared to other areas, and the brains of 
pair fed and ad libitum controls. Total protein level indi­
cates cell number ; thus taken together, these studies indicate 
the forebrain may be adversely affected by reduced zinc in­
take. This results in a fewer number of cells due to a decline 
in cellular division.
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In summary, zinc deficiency in rats apparently has 
profound effects on brain morphology. It is, therefore, 
suggested that behavior may be altered as a result of zinc 
deficiency during brain development.
Behavior Studies With Rats
Few studies have been conducted on the behavioral 
effects of zinc deficiency in rats. Although no conclusions 
can be made, it appears that zinc deficiency may result in 
some learning deficits.
Studies using male rats whose mothers were fed a 
zinc deficient diet during the third trimester of preg­
nancy, demonstrated that these animals performed poorly 
on an active avoidance task in a two-way shuttlebox using 
shock, as compared to pair-fed and ad libitum controls.
Zinc deficient females did not show this decrement in per­
formance on an active avoidance (Halas & Sandstead, 1975).
Differences in aggressive behavior following intra­
uterine zinc deficiency has also been noted. Rats were ex­
posed to 25 shocks per day for 12 days. Aggressive attacks 
were defined as direct movements toward an opponent, which 
resulted in contact. Females were determined to be more 
aggresssive than pair-fed or ad libitum controls when tested at 
75 to 105 days of age. Zinc deficient males did not show an 
increase in aggression at 75 days of age, but did at 105, as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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did pair-fed controls. An increase in sensitivity to shock 
has also been noted (Halas, Reynolds, & Sandstead, 1977; 
Sandstead, Fosmire, Halas, Jacob, Strobel & Marks, 1977). 
Postnatally zinc deprived rats performed more poorly on a 
maze-learning task than pair-fed and ad libitum controls 
(Fosmire, Al-Ubaidi, Halas & Sandstead, 1974).
Behavioral studies with rats do not allow the research­
ers to examine the entire breadth of behavior, such as exam­
ining the effects of nutritional deficits on higher learning 
processes. Using monkeys as subjects is more conducive to 
the study of complex behaviors.
Behavioral Studies with Rhesus Monkeys
Behavioral differences have been observed in the off­
spring of rhesus monkeys whose mothers were fed a zinc defi­
cient diet during the third trimester of pregnancy. When ob­
served in a social setting, zinc deficient monkeys were found 
to nurse to greater percent of the time, maintain contact with 
their mothers more, and to play and explore less than monkeys 
fed ad libitum (Sandstead, Fosmire, Halas, Jacobs, Strobel, & 
Marks, 1976; Sandstead, Fosmire, Halas, Strobel & Duerre, 1977)
These same zinc deficient rhesus monkeys were addition­
ally tested on a series of simple learning tasks. At 500 days 
of age, the zinc deficient group and the ad libitum control 
group were tested on a red-green color discrimination problem. 
After the criterion of 22 out of 25 correct responses on the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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discrimination was attained, the problem was reversed. The 
problem was again reversed following the same criterion as 
stated above. No significant differences were found among 
the groups on trials to criterion.
At 554 days of age, the same rhesus monkeys were tested 
on 100 learning set problems. The zinc deficient monkeys per­
formed significantly at a lower level as compared to the control 
group.
A cue-locus discrimination problem was run when the 
subjects were 600 days old. A cue-locus task involves pre­
senting a discrimination problem in which the locus of cues 
that indicate the correct response is either centrally or 
peripherally located. This task has been used to detect 
attentional difficulties. No differences were found between 
groups on the cue-locus task.
On retesting of learning set at 730 days of age, the 
zinc deficient monkeys performed at a higher level than they 
had previously, but they still had lower scores as compared 
to the control group. At 1000 days of age, these monkeys 
were again tested on learning set. Results showed that there 
were no significant differences between the zinc deficient 
and ad libitum groups.
The results from learning studies indicated that zinc 
deficient monkeys were capable of performing learning set.
Since the zinc deficient monkeys did poorly the first and
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second time, as compared to the third session on learning set, 
at which time they performed more like ad lib monkeys, it may 
be that zinc deficient monkeys' abilities to perform learning 
tasks develop at a slower rate than dietary control monkeys. 
However, the successive improvement in learning set perform­
ance suggests a diminishing effect of the zinc deficiency as 
a function of the time since insult.
Very little research has looked at the effects of pre­
natal zinc deficiency on learning in monkeys. However, the 
research with rats and the few studies that have employed mon­
keys suggest that zinc deficiency may possibly affect certain 
types of social and learned responses.
There is another possible explanation of how zinc de­
ficiency could affect learning ability, other than as a result 
of maturational differences. It is known that complex mental 
functioning involves cortical components of the forebrain 
(Thorpe, 1968; Wilson, 1972). It has already been pointed 
out that zinc deficiency has the most adverse effects on the 
forebrain in rodents (Warkany & Petering, 1972). On the basis 
of these two findings, it is suggested that if structural 
defects can be related to functional ones, zinc deficient 
monkeys would show difficulties in learning complex abstract 
tasks.
Development of Learning Ability
Harlow (1959b), in a extensive review, discussed the
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development of learning in the rhesus monkey. He contended 
that, at an extremely young age, the monkey has the capacity 
to learn simple forms of conditioning. Discrimination of 
objects can be learned adequately by the time the monkey 
reaches 150 days of age. A one-year-old monkey is capable 
of forming learning set, although adult capacity has not yet 
been reached. Capacity for solving problems of increasing 
complexity developed progressively throughout the first year ; 
however, performance was still below adult performance. Per­
formance on oddity tasks was not found to be fully developed 
until the age of three ; efficiency then increases as a function 
of age.
There appears to be a definite maturational sequence 
in regard to performance on different tasks. For example, 
the monkeys that displayed deficits in learning set perform­
ance at 554 days, but improved their performance when tested 
at 730 days of age, quite possibly were exhibiting a delay in 
their ability to perform learning s e t . They should have been 
able to perform well on learning set at the age of one year. 
Since rhesus monkeys have been shown to perform adequately on 
oddity tasks at the age of three, this task was considered 
appropriate to study the maturation of performance ability 
on three-year-old monkeys.
Oddity Problem
The oddity problem involves presenting three stimulus
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objects, one of which differs from the two on one stimulus 
dimension. The subject is required to respond to the odd 
object in order to receive reinforcement. Oddity problems 
have been determined to be more complex than other discrim­
ination tasks (Moon & Harlow, 1955); the reason is that there 
are a number of antagonistic variables involved. Simple 
conditioning, on the other hand. Involves no antagonistic 
variables ; there is only a single stimulus object to which 
the subject must respond. Discrimination learning involves 
a single antagonistic variable, the relationship between two 
stimuli. In oddity learning there are two antagonistic var­
iables. There is the difference between the correct objects 
on each trial, and the differences between the odd and match­
ing objects on each trial (Spaet & Harlow, 1943; Warren, Grant, 
Hara, & Leary, 1963). The subject must respond to a single 
stimulus cue while ignoring position. Oddity learning appears 
to involve an abstraction process which consists of singling 
out the single stimulus cue and determining how it relates 
to the entire situation (Robinson, 1933).
There are several variations of the oddity problem.
A two-positjonal or three-positonal problem can be used. In 
the two-positional problem, the middle object is never odd 
but always matches one of the other two stimuli. In the 
three-positional problem, the odd object can appear in any 
of the three positions. No major differences have been found
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16
between the two-positional or three-positional problems on 
rhesus monkeys' performance of oddity (Riopelle, 1959; Lock­
hart & Harlow, 1962). Performance differences have been 
found depending on whether rhesus monkeys were required to 
respond to color or form cues; rhesus monkeys perform signi­
ficantly better on color than form oddity tasks (Young &
Harlow, 1943; Draper, 1965). It is suggested that one of 
the simplest forms of the oddity problem would be a two- 
posit ional oddity task in which color would be the relevant 
stimulus dimension. Oddity learning using form as the stimu­
lus cue would then appear to be slightly more difficult.
A further variation of oddity is the "Weigl Principle" 
oddity task. In this type of problem the subject must respond 
to either color or form depending upon the nature of a third 
stimulus: the color of the display tray. Three stimulus
objects are presented to the subject. The middle object 
matches one of the other two objects in form and the third 
object in color. The subject responds by choosing either 
the object that differs in form or in color, depending on the 
color of the tray (Shrier, Harlow & Stollinitz, 1965).
Young and Harlow (1943) trained rhesus monkey on 
color and form oddity problems which were later also combined 
into a single session to establish response to the Weigl 
Principle. They found that transferring rhesus monkeys from 
a combined form and color test situation to the Weigl Principle
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resulted in Initial trial and error learning which decreased 
rapidly, and the monkeys were able to perform well on the 
Weigl task.
It appears that previous testing on discrimination 
tasks may have a negative transfer effect on oddity learning 
(Levine & Harlow, 1959). However, it has been suggested 
that early training on discrimination tasks may eliminate 
error factors such as object preference and positional habits, 
since these two factors needed to be eliminated for the animal 
to acquire learning set (Moon & Harlow, 1955). Since it is 
possible that a negative transfer effect could occur, it may 
be that initially all animals will do poorly on the oddity 
task. This effect will probably be altered rapidly.
Summary and Rationale
The reported research on maternal zinc defiency in 
rats suggests that zinc deficiencies during fetal develop­
ment has profound effects on the brain, especially when it 
is developing most rapidly. some of the effects of maternal 
zinc deficiency on fetal brain development include growth 
retardation and decrease in the number of brain cells, pro­
bably due to a disruption of DNA, R N A , and protein synthesis. 
Alteration in brain structures of rats deprived of zinc has 
been observed, especially in the forebrain.
There is some indication the physiological and 
structural changes due to zinc deficiencies may be accom-
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panied by behavioral changes. Rats appeared to do poorly 
on avoidance and maze learning tasks if they had previously 
been deprived of zinc. Behavioral differences have also 
been noted in maternally zinc deprived rhesus monkeys; how­
ever, structural changes have not, as yet, been investigated 
in monkeys. In a series of learning tasks with maternal zinc 
deficient monkeys, it was apparent that these monkeys showed 
delays in developing learning set performance as compared to 
control monkeys. However, this decrement in performance 
appeared to diminish over time. This indeed is very important 
for it suggests that, although the animals initially showed 
decrements in their performance, the animals were either 
able to adapt to the situation or compensate in some was as 
the organism developed. Such a mechanism could be considered 
to be highly advantageous.
To study whether there is a maturational problem in 
learning ability, as the result of prenatal zinc deficiency, 
the oddity task was chosen. The rhesus monkeys were three 
years of age at the onset of this study, which is the age 
rhesus monkeys acquire the ability to learn oddity. There­
fore, it is suggested that, if a maturational problem exists, 
the performance of zinc deficient monkeys will be inferior 
on the oddity tasks than will ad lib monkeys of the same age.
The present study proposes that monkeys who were 
deprived of zinc during the third trimester of pregnancy will
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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perform poorly on an oddity task compared to control monkeys. 
Furthermore, as the task Increases in complexity, differences 
between normal and zinc deficient monkeys will become more 
apparent.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II 
METHOD
Nutritional Treatment and Maternal History
Twelve time-mated pregnant rhesus monkeys (Macaca 
mulatta)^, were individually housed in stainless steel cages 
in a temperature- and light-regulated room. Prior to the 
110th day of gestation, all subjects were fed, ad libitum, 
a commercial monkey diet (Purina) that contained 31mg. Zn/ 
gram ; and tap water was available for drinking. From 110 to 
150 days of gestation, four subjects were placed on a zinc 
deficient diet (Zn-) consisting of a 20% sprayed egg white 
and biotin enriched diet that contained 1.Omg. Zn/gram.
Table 1 presents the composition of the zinc deficient diet 
in detail. Distilled water, containing no zinc, was available 
for drinking. Four additional pregnant females were pair- 
fed (PF) the same amounts of the same zinc deficient diet as 
that consumed by the Zn- females. The PF females also had 
available distilled water supplemented with 50 mg. Zn/ml. on 
gestational days 110-150, The remaining four monkeys were 
fed the zinc deficient diet ad libitum (AL) and were given 
the zinc-supplemented water for drinking*
^The pregnant monkeys were obtained from NICHD Breed­
ing Colony, California Primate Research Center, Davis, Calif­
ornia ,
20
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
TABLE 1
COMPOSITION OF EXPERIMENTAL DIET
Components Proportion of diet
Sprayed egg white . 20
Dextrose .64
Solka floe (SW 140) .02
Corn oil (Mazola) .08
Salt mixture .04
Vitamin mixture .02
Salt mixture g/kg of mix
CaC03 300. 0
Ca(H2P0^)2'H20 110.0
KgHPO^ 325.0
NaCl 170.0
MgSO^ (anhydrous) 60.0
FeSO^ * 7H2O 32.5
MnSO^'H20 2.3
KI 0.8
CuSO^•SHgO 0.3
Na28eOg 5H2O 0.00075
Vitamin mixture g/kg of mix
Cerelose 727.5Choline Chloride 100. 0Ascorbic acid 50.0Inositol 25 .0
Niacinamide 12.5
C-panothenate 5.0
Menadione 2.5
Thiamin hydrochloride 1. 5
Pyridoxine hydrochloride 1.5
Riboflavin 1.5
P-amino bezoic acid 0.5
Folic acid 0.25
Biotin 0 . 2
Cyanocobalamin 0.003
Rovimix E-IOOW^ 67.0
Rovimix A 650^ 1.05
Rovimix AD^ 325/325^ 0.23
^Stabilized vitamins from Hoffman-LaRoche, Inc
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From day 151 of gestation through delivery, all pregnant 
females were fed the experimental diet ad libitum and were 
given the zinc supplemented drinking water. After parturi­
tion, all lactating females were fed the commercial monkey 
diet and were provided with tap water to drink.
Immediate Results of Diet Manipulation
During the 40-day interval of deprivation, the Zn- 
females developed alopecia and dermatitis on the abdomen and 
face, which was indicative of zinc deficiency. Following 
zinc supplementation, on day 151, the dermatitus cleared but 
reappeared in a milder form on both mother and infant follow­
ing parturition. The dermititis again cleared after 7 to 10 
days and the Zn- mothers and infants appeared healthy. Pair- 
fed and AL mothers showed no signs of zinc deficiency.
Plasma zinc levels decreased from a range of 46 to 
76mg%, to a range of 16 to 23mg% in the Zn- monkeys. Mean 
plasma zinc concentration was significantly lower in the Zn- 
group than in the AL females during the 40-day deprivation 
period, £  <.05. Serum albumin, hair zinc, prenatal weight 
gain, postnatal weight loss, and birth weights did not differ 
significantly between treatment groups.
The PF females appeared to have been affected adversely 
by the treatment. Two had miscarriages the week preceding 
normal delivery and one had an early neonatal death following 
breech delivery. Infants of the PF group were, therefore, not
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available for behavioral studies.
Experimental Subjects
Infant rhesus monkeys were weaned from their mothers 
by six months of age. Eight rhesus monkeys, offspring of the 
Zn- and AL monkeys were used in the present study. The Zn- 
group consisted of three males and one female; whereas, three 
females and one male monkey comprised the AL control group.
The animals were housed in two stainless steel cages 
in a group-living situation so that all Zn- monkeys were 
housed together and the control group was housed together in 
a separate cage. During the entire experiment, animals were 
allowed free access to tap drinking water. Between each of 
the tasks, all monkeys were fed monkey chow (Purina) ad 
libitum for five days. Two days prior to each task all mon­
keys were placed on food deprivation so that their weights 
were maintained between 90-95% of their ad libitum body weight 
Prior to the current study, all monkeys were Involved 
in several experiments: 1)observâtion of mother-infant inter­
action ; 2)peer-peer interaction; 3) a reversal learning task; 
4) a cue-locus task; 5) operant avoidance conditioning study; 
and, 6) learning set. Figure 1 presents the history of the 
monkeys used in the study, showing the approximate age at 
which the subjects were weaned and tested on the various tasks 
At the onset of the present study all subjects were approxi­
mately three years old.
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DAYS FROM BIRTH
Évents in the history of the experimental animals, from conception 
to the present oddity (ODD) experiment. The social interaction be­
tween mother and infant (MI) and between peers (P-P) was observed 
Subjects were later tested on reversal learning (RL), learning set 
(LS); cue-locus (C-L); conditioning (COND) and, again, on learning 
set.
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Apparatus
Subjects were tested in a Wisconsin General Testing 
Apparatus (WGTA) which consisted of two compartments (Figure 
2). The compartment in which the stimulus objects were pre­
sented measured 71.12 cm. by 66.04 cm. In the front was a 
sliding door which opened and closed by the experimenter to 
eliminate visual cues from the subjects during testing. A 
screen window (10.16 cm. x 15.24 cm.) in the sliding door 
allowed for observation of the monkeys. A presentation tray 
was situated inside this compartment and was on runners so 
that the experimenter was able to slide the tray toward the 
second compartment in which the monkey was placed. A fluores­
cent light was situated above the presentation area and another 
light was situated over the monkey cage. During the experi­
ment all other lights in the room were off except the two 
lights on the apparatus.
The monkey cage (38.1 cm. x 41.91 cm.) was made of 
stainless steel with bars on the side facing the presentation 
area. The sliding door in front of the monkey cage could 
be closed by the experimenter when setting up each trial.
Stimulus Objects
Three sets of stimulus objects were used; all objects 
were made of wood and measured 5,08 cm. by 5.08 cm. The first 
group of stimulus objects used in the color oddity tasks, 
consisted of one pair each of five colors: red, green, blue.
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is placed in,cage (A). Experimenter sits behind screen (B) and 
moves tray (C) towards monkey, who then responds to obtain rein­
forcement .
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yellow, and black; all were L-shaped. The second group of 
objects used in the form oddity tasks was unpainted and dif­
fered only in form. One pair of each form was used: triangle,
square, circle, cross, and star. Examples of the various 
forms used are presented in Figure 3. The third set of 
stimulus objects was made up of twenty-five objects consisting 
of five of each shape and five of each color.
The two presentation trays were 44.45 cm. long, and
24.13 cm. wide. Each had three food wells spaced approximately 
13.97 cm. apart and differed only in color: one white and
the other brown.
Procedure
All monkeys were tested in the WGTA on four different 
tasks presented sequentially. A two-positional oddity problem 
was used so that the middle object was never the odd object 
but matched one of the other two. Positioning of the odd
object to either the left or right was randomized for each
trial. One position was never correct for more than three 
consecutive trials.
After the monkey was placed into the WGTA, the door 
in front of the monkey's cage was opened and the presentation 
tray was moved toward the monkey. The monkey was then re­
quired to respond by displacing one of the objects with an 
outstretched hand. Three types of reinforcements (marsh­
mallows, raisins, or fruit loops) were assigned randomly to
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Figure 3. Examples of forms used as stimulus objects 
in the oddity tasks.
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each subject so that no preferences for reinforcement would 
be established. One subject, however, refused fruit loops 
and was reinforced with either raisins or marshmallows. The 
monkey obtained the reinforcement, placed in food wells, by 
choosing the odd object. After the monkey responded, the 
tray was withdrawn, the door lowered, and the experimenter 
prepared for the next trial. During presentation of the 
stimulus objects, the experimenter’s door was lowered to 
eliminate visual cues. Each task was run for a total of 3,0 
days 25 trials per day with seven days between tasks.
Data were obtained by recording the occurrence of 
correct responses. The object chosen on any given trial was 
noted to determine whether any positional preferences had 
developed. An example of the data sheet can be found in 
Appendix A.
During the entire experiment, the researcher was 
unaware of which group was Zn- and which was the control 
group since they were identical in outward physical appear­
ance .
Test 1: Oddity-color problem. Presentation of the
five colors was randomized so that one color of each pair 
had an equal chance of appearing on any problem. When re­
sponse to the color dimension was reinforced, a white pre­
sentation tray was used. For each presentation of the stim­
ulus objects, two objects were of the same color and the
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third was of a different color. Five problems, which con­
sisted of five trials of the same stimulus objects, were
presented each day so that a total of 25 trials were given
per day for 30 days.
Test 2: Oddity-form problem. A brown tray was used
to signal that response to the form dimension of the object 
was relevant. Form was randomized for presentation so that 
any two forms could appear on any problem. Twenty-five trials 
consisting again of five different problems, were run each 
day for 30 days.
Test 3: Oddity problem combining form and color.
The same stimulus objects used in Test 1 and 2 were used in 
this test. Presentation of color or form objects was random­
ized over the 25 trials per day; no more than three color or 
form trials were presented consecutively. The subjects were 
required to respond to either form or color, depending on 
whether the presentation tray was white or brown.
Test 4: Welgl principle. The stimulus objects that
combined form and color were used for this task. Reinforcement 
was provided for responses to either form or color, depending 
on the color of the presentation tray. The stimulus objects 
were such that one object matched one of Lhe other two oV>ject.s 
in form, and the other in color. As can be seen in Figure 4, 
the correct response would have been the green triangle since 
it is the object that is odd on the color dimension. Twenty-
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five trials were run each day. Color, form and position of 
the stimulus objects were randomized for presentation.
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White
Green Blue Blue
Figure 4 In the Weigl Principle, since the presentation 
tray was white, the correct response would be 
the green triangle: the object odd on the color
dimension.
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CHAPTER III 
RESULTS
Treatment Effects
Performance of maternally zinc deficient monkeys was 
determined to be similar to the performance of control sub­
jects on all of the four oddity tasks. A one-way analysis 
of variance was conducted on the mean percent correct, com­
bining the scores for each subject over five day blocks. The 
analysis not only demonstrated that there was no main treat­
ment effect, but it also showed that treatment was not signifi­
cant as an interaction term with any of the other factors.
The results of the analysis of variance are presented in Table 
2, It was apparent that zinc deficiency per se did not pro­
duce any overall difference in performance on the oddity task. 
Results of the other factors examined in the analysis of 
variance will be presented later.
Task Differences
Results of this study showed that for all subjects 
the type of task was a relevant factor. Differences in per­
formance between the four tasks were found to be significant 
(F (3.47) = 4.045, p <.01). To determine which tasks accounted 
for the significant differences between tasks; a Newman-Keuls 
was performed on the mean percent correct for each of the 
four tasks combining treatment groups. No significant dif-
33
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TABLE 2
ANALYSIS OP VARIANCE FOR MEAN PERCENT CORRECT 
RESPONSES ON ALL ODDITY TASKS
Source SS df MS F
Treatment............ 2 . 38 1 2. 38 .002
Tasks................. 1609.05 3 536.35 4 .045*.,
Treatment x Task . . 589.30 3 196.43 .253
Block of Days. . . . 1060.22 5 212.05 6.931***
Treatment x Days . . 202.79 5 40.56 .279
Task X Days.........
Treatment x Task
1171.52 15 78.10 2.650**
X  Days.............. 479.31 15 31.95 1.084
Total 5114.57 47 . 05 
.001 
***2 .0001
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ferences were evident in this case. Figure 5 presents the 
mean percent correct responses, combining both groups, on 
each of the four oddity tasks. As can be seen, performance 
on the color task and Weigl principle was slightly inferior 
to performance on the other two tasks, although not signifi­
cantly so.
A further analysis was run on the mean percent correct 
for each treatment group on each of the four oddity tasks 
separately, using the Newman-Keuls (Appendix B ) . Several 
differences in performance were revealed. Two comparisons 
between the ad lib and Zn- monkeys were significant. The ex­
perimental group performed significantly better on the form 
task as compared to the performance of the control group on 
the color-oddity task. The ad lib group performed signifi­
cantly better on the combination task as compared to the Zn- 
group on the Weigl principle. Comparisons of the zinc defi­
cient group per se on the four tasks led to further relevant 
differences in performance. Zinc deficient animals' perfor­
mance on the form task exceeded their performance on the color 
task. For the Zn- group, performance on the form and combina- 
ation task was also superior to the animals' achievement on 
the Weigl principle. The ad lib groups' performance on all 
the tasks was not found to differ significantly. It was 
evident that the performance of the Zn- group was more variable 
on the various tasks as compared to the ad lib group. The
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differences in task performance of both groups can be seen 
in Figure 6, which presents the mean percent correct for both 
groups on each of the four oddity tasks. The figure shows 
that for both groups, performance on the color-oddity task 
and Weigl principle was inferior to the performance on the 
form and combination tasks. This difference w a s , however, 
significant only for the Zn- group.
Performance Over Days
Both the ad lib and Zn- groups showed improvement in 
performance over five day blocks. The increase in the per­
cent correct was found to be highly significant when scores 
were combined for all tasks and subject (F(5.47) = 6.931 p/
.0001) and when comparisons were made for each task separately 
(F(15,57) = 2.625 p <.001), Therefore, in general, all sub­
jects improved their performance on each task over five day 
blocks. Figure 7 presents the mean percent correct on trials, 
which combine both subjects and tasks. It was apparent from 
the Figure that there was an improvement over blocks of days 
as compared to the first five day block. Furthermore, it 
can be seen that performance, in general, was above chance 
(50% correct) suggesting that learning of the oddity tasks 
had occurred,
Individual Differences
The possibility arose that individual performance
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Figure 6. Mean percent correct for AL and Zn- monkeys 
on each of the four oddity tasks.
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may have affected the differences In the overall performance 
of the groups. A Z-test was performed to determine whether 
all subjects, taken separately, had learned each task. In 
several cases, subjects showed no significant differences 
in total performance in their performance as compared to 
chance. Table 3 indicates which subjects showed learning 
and those that did not, on the various tasks. Two subjects 
in the ad lib control group did not appear to have learned all 
of the tasks. One subject did not perform significantly 
above chance on both the color oddity task and Weigl principle 
Subject three, of the control group, performed below chance 
on the form task.
From the Zn- group, two subjects did not appear to 
learn the Weigl principle, but performed significantly on all 
other tasks.
Performance Errors
Analysis was undertaken to determine whether the 
animals which did not learn were making specific types of 
errors in performance. Three types of errors were analyzed. 
Positional preference errors refer to the animal responding 
to either the left or right position regardless of the place­
ment of reinforcement. Response shift errors refer to an 
animal shifting its choice of position to the opposite one 
that had been reinforced on the previous trial. The third 
type of error examined was the differential-cue error; deter-
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TABLE 3
PERFORMANCE OF EACH SUBJECT ON ALL TASKS 
AS COMPARED TO CHANCE
41
Tasks
Subject Color Form Combination Weigl
AL
1 **** * *** **** ****
2 N.S. * * N.S.
3 * N.S. * * * * *
4 * * * *
Zn—
5 * * * *
6 * * * N.S.
7 * * * N.S.
8 * * * *
* P**** p .01.00003
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mined by dividing the number of errors made on trials when 
the reinforced position changed by the number of errors made 
on the trials when the reinforced position was unchanged.
Table 4 presents the various types of errors for each subject 
on all four tasks. A few conclusions can be drawn from these 
data. Positional preference may account for the major por­
tion of errors made by those subjects that did not learn a 
specific task. For example, subject 6 made 347 more responses 
to the left position on the Weigl princple than to the right 
position. Also, when one compares the number of positional 
responses made on all tasks for subjects which did not learn 
any one of the tasks with the subjects who learned all four 
tasks, it appears that the former subjects made consistently 
more positional errors on all tasks.
Response shift errors appeared not to affect the per­
formance. On the contrary, instead of shifting their position 
following reinforcement, they were more likely to respond to 
the position that had previously been reinforced. Referring 
to Table 4 again, this is best exemplified by subjects 6 and 
7 on the Weigl principle who did not shift more often after 
reinforcement. This supports the notion that the animals 
tended to show positional preferences.
Differential cue errors appeared not to contribute 
to the types of errors made by the animals. In fact, the 
ratio appeared to be lower in cases in which animals did not
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TABLE 4
ANALYSIS OF ERRORS FOR EACH SUBJECT ON ALL TASKS
Positional
Preferences
Task
8
Color 
Form 
Comb. 
Weigl 
♦Color 
Form 
Comb. 
♦Weigl 
Color 
♦ Form 
Comb. 
Weigl 
Color 
Form 
Comb. 
Weigl 
Color 
Form 
Comb. 
Weigl 
Color 
Form 
Comb. 
♦Weigl 
Color 
Form 
Comb. 
♦Weigl 
Color 
Form 
Comb. 
Weigl
415
358
361
439
459
460 
256 
266
440 
424
441 
471 
375 
409 
323 
298
442 
383 
353 
329 
453 
489 
398 
54 5 
478 
437 
398 
473 
447 
455 
452 
340
M
36
4
2
4
41
2
23
12
17
10
2
2
6
4 
2
0 
19
5
1
5 
27
3
7
2
14
1
1
6 
23
6
2
1
R
299
388
387
307
250
288
471
472 
293 
316 
307 
277 
369 
337 
425 
452 
289 
362 
396 
416
270 
258 
345 
198 
258 
312 
351
271 
280 
289 
296 
409
Response Shift Differential 
Cue
Shift 
After 
Reinf.
No Shift 
After 
Reinf,
E/C
E/S
234 222 1.5490
267 260 1.44
287 232 1.112
' 258 212 .8984
158 213 1.4397
170 210 1.26
167 262 1.636
180 200 1. 086
208 188 1 .6209
179 194 1.666
186 227 1.3435
201 218 1.1314
233 245 1.0367
246 264 1.76
225 254 1. 727
261 255 1.2174
219 224 1.945
272 250 1.282
254 231 1.294
220 201 1.1985
189 222 1.7345
173 248 1,4516
204 205 1.3435
130 241 1.2152
210 243 1.7813
257 270 1.6479
260 258 1.3691
145 215 1.2050
159 236 2.1300
196 266 1.5146
224 255 1.4646
240 248 1.2330
♦ Subjects did not show learning.
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learn a task, again making more errors because they responded 
to the same position.
Focusing on the Weigl principle, an analysis of the 
number of correct responses in form trials was compared to 
the number of correct responses on color trials. As can be 
seen in Table 5, which presents the number of correct re­
sponses on color and form trials of the Weigl principle for 
each subject, no large differences were evident. Therefore, 
it appears that inferior performance on the Weigl principle 
of some subjects was not due to differences in performance 
on color or form trials.
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TABLE 5
CORRECT RESPONSES ON WEIGL PRINCIPLE
Number of Correct Responses
Subject Color Form
1 239 252
2 185 208
3 213 226
4 277 246
5 213 224
6 188 193
7 173 198
8 245 262
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV 
DISCUSSION
Prenatal zinc deficiency did not appear to alter the 
performances of three-year-old rhesus monkeys, on a series 
of oddity tasks, as compared to normal control subjects. 
Overall, all monkeys performed better on the form and combin­
ation tasks than on the color and Weigl principle. Although 
the difference between task performance was not significient 
for the ad lib group, major differences were found for the 
Zn- group. It was evident that the Zn- group found the Weigl 
principle more difficult to learn. However, analysis of the 
individual subject's performance on the various tasks suggested 
that the inferior performance of the two Zn- subjects on the 
Weigl principle may have accounted for the overall decrement 
in performance of the group. Also, the finding that two 
control subjects did not show learning on all of the tasks 
may have affected the overall analysis, so that treatment 
effects were not apparent between the two groups.
Focusing on the animals that did not learn, it was 
apparent that they displayed more positional errors as com^ 
pared to animals that had learned each task. It has been 
suggested that positional preferences diminish when a three- 
positional oddity task was used instead of a two-positional
46
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oddity task (Young & Harlow, 1943). Thus, with a two posi­
tional oddity task, positional preferences were expected 
but should have dropped out if the animals showed learning 
(Harlow, 1959b).
Previous studies have indicated that color oddity is 
a proponent cue in oddity learning (Draper, 1965). Also it 
has been indicated that performance on the color trials of 
the Weigl principle was superior to performance on form trials 
(Young & Harlow, 1943). This difference was not apparent in 
the present study. No differences between the color and form 
trials on the correct responses were determined in the Weigl 
phase of the study, even for the animals that had not shown 
learning on the Weigl principle. Therefore, inferior per­
formance of some subjects on the Weigl principle was not due 
to differences in ability on the color or form trials. It 
is more likely that individual variability led to inferior 
performance of some animals.
Results obtained from previous studies on the monkeys 
that had been used in the present study, combined with the 
present results suggested several alternatives. It was ap­
parent on the learning set studies, zinc deficient monkeys 
were inferior to A1 controls. However, when tested again at 
730 and 990 days of age, performance first improved and then 
reached levels that were not significantly different than AL 
controls. These findings, along with the present results,
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raise numerous questions that need to be examined.
Previous studies with rats have suggested that zinc 
deficiency produces differences in performance on active avoid­
ance tasks, maze learning and aggression (Halas, Reynolds, & 
Sandstead, 1977 ; Sandstead, Fosmire, Halas, Jacob, Strobel,
& Marks, 1977). It is possible that the differences in the 
nature of the task the animals were tested on, may account 
for the differences in results. Oddity learning is considered 
a complex task (Moon & Harlow, 1955) which involves different 
brain areas than simple learning tasks. Complex tasks involve 
cortical forebrain area and simple learning is more dependent 
on subcortical areas (Thorpe, 1968). It may be possible that 
zinc deficiency has a greater effect on simple learning abil­
ities than complex learning abilities. Although this explan­
ation may account for some of the discrepencies between rat 
and primate research and differences between complex and 
simple learning task performance of primates, it would not 
account for the ability of the Zn- monkeys to perform normally 
on learning set as they matured.
Initially, it was suggested that prenatal zinc defi­
ciency during the third trimester would result, in rats, in 
gross malformations of the brain (Hurlfjy &. Swcnorton, 1966; 
Hurley, 1969; Hurley, Gowan & Swenerton, 1971). Reductions 
in RNA, DNA, and protein metabolism, due to a reduction in 
zinc levels, have been suggested to account for these abnor-
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malities in brain development (Fosmire, Al-Ubaidi, Halas, & 
Sandstead, 1974; Eckhert & Hurley, 1977). It was proposed 
that the brain was most vulnerable to environmental insults 
when it was in a critical period of development (Bobbing & 
Smart, 1974).
It was believed that, in the rat, two critical periods 
of brain development were apparent. One during the fetal 
development, and one during the week following partrition 
(Fosmire, Al-Ubaidi, Halas & Sandstead, 1974). In humans and 
primates it was contended that the latter third of pregnancy 
is a period when the brain is most vulnerable to maternal 
environmental insults (Bobbing, 1968). Buring the third tri­
mester in the rat, neural multiplication occurs. This process 
is, however, considered to be over by this time in humans, 
which occurs during the first 12-18 weeks of gestation (Bobbing
1974). Thus, for the studies with rats to be more applicable 
to primate and human research, rats should be observed for the 
effects of zinc deficiency, postnatally from birth to day five 
or six.
It has been suggested that prenatal zinc deficiency 
and malnutrition in general, which results in insufficient 
cell division, may result in growth retardation of the brain 
(Kaplan, 1972), However, the relevancy of decreased cellular 
division on producing long-term deletarious effects has been 
questioned. Although a reduction in cell division has been
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noted in the cerebellum of postnatally zinc deficient rats, 
the patterning of development was found to be unaffected 
(Buell, Fosmire, Ollerich, & Sandstead, 1977). Thus it appears 
brain growth, although retarded in rate of development, may 
develop normal patterning of functioning in the rat.
The effects of zinc deficiency on cellular division 
may be less important than the way in which zinc deficiency 
affects later brain development. It has been proposed that 
the most severe effects of malnutrition on the brain occur 
during the period of myelination (Kaplan, 1972), which occurs 
postnatally in rats, ending in the fourth postnatal week 
(Bobbing & Smart, 1974).
Bobbing (1974) contended that the human brain growth 
spurt may occur more postnatally than previously believed.
He states that it begins in mid-pregnancy and extends until 
the second postnatal year, during which time myelination 
occurs. Bobbing and Smart (1974) question whether a restric­
tion in neural number is sufficient to produce functional in­
adequacies, due to the brain's capacity for functional reserve. 
They suggest that it is more likely that a reduction in dendrite 
aborization and synaptic connectivity may be more functionally 
important, and both of these processes, in humans, occur post­
natally, Bobbing (1974) claims that growth restriction during 
the prenatal growth spurt may not be sufficient to produce 
lasting cell deficits and the organism may escape the effects
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of an inadequate prenatal diet if at birth it is released 
from the deficiency. Others also agree that inadequate my­
elination and synaptic connectivity are more pertinent to 
human mental performance than neural number (Read, 1973).
It was pointed out that the relevancy for myelination in 
human intellectual functioning is indicated by impaired 
intellectual development in children suffering from PKU, 
which is associated with defective myelination of the neurons 
(Kaplan, 1972).
It should be mentioned that zinc deficiency may have 
more adverse effects on cellular division than myelination, 
even when rats were studied postnatally for the first ten
Odays of life. Measures were taken of incorporation of H 
lysine into specific proteins and protein fractions of the 
brain of rats suckled to zinc deficient pair-fed and ad lib 
dams. Brain growth was retarded. Total DNA, RNA, and protein 
content was decreased in the zinc deficient rats, correspond­
ing to reduction in brain size. However, relative concentra­
tions were less affected. Furthermore, there was a reduction 
in the Incorporation of radioisotopes into myelin basic pro­
teins in the zinc deficient rats as compared to the pair-fed 
and ad lib controls. However, it was pointed out that zinc 
deficiency had a more marked effect on cell division than 
protein synthesis CDuerre, Ford, & Sandstead, 1977), This 
study suggests that zinc deficiency may not affect higher
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intellectual functioning in which myelination is essential 
as much as it affects the size of the brain.
In the present study it may be that prenatal zinc 
deficiency reduced the rate of cellular division in the brain 
thus resulting in brain growth retardation as shown in rats. 
However, since animals were fed a zinc adequate diet following 
parturition, recovery from the deficiency was possible. Re­
covery from malnutrition has already been noted in humans if 
fed an adequate diet during the first six months postnatally 
while cell division and myelination is still occurring (Kaplan, 
1972; Read, 1973). It has been predicted, from protein mal- 
nourishment research, that for humans, for a deficient diet to 
produce long and severe lasting changes in the brain, the organ­
ism must be restricted both pre- and postnatally (Cheek, Holt, 
London, Ellenberg, Hill, & Sever, 1976).
Another factor, discussed in the protein mainourishment 
literature may also account for some of the differences seen 
between the effects of zinc deficiency on rats and rhesus 
monkeys. It has been pointed out that maternal protein de­
ficiencies may produce more drastic effects on the brain of 
rodents than primates due to the fact that the rate of growth 
of fetal tissue in the rat is much faster in relation to 
maternal size (Cheek, Holt, London, Ellenberg, Hill & Sever, 
1976). Therefore, primates may have a greater ability to adapt 
to the deficient diet by conserving tissue, increasing meta-
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bolic efficiency, or reducing activities that deplete tissue 
stores (Riopelle, Hill, Li, Wolf, Selbold & Smith, 1974). 
Sparing of the fetus at the expense of the mother has been 
noted in protein malnourishment studies (Hillman, Khalid, & 
Riopelle, 1978) and zinc deficient studies (Fosmire, Greely,
& Sandstead, 1977). It has been postulated that, in order to 
compensate for the reduction in zinc intake, an increase in 
bone breakdown may occur allowing zinc to be released so that 
more is available for the fetus (Hurley & T a o , 1972; Mutch & 
Hurley, 1974).
Several studies have examined whether the reduction 
in zinc intake increased the rate of bone breakdown in rats. 
Twenty-two day old fetuses were examined for changes in con­
centration of zinc, copper, iron and calcium, follwing pre­
natal zinc deficiency. Although zinc was reduced in whole 
body samples there was an increase in liver zinc concentration 
An increase was found in calcium in the whole body samples 
and in the liver (Cox, C h u , & Schlicker, 1969). Although 
this study suggests a possible increase in bone breakdown, 
indicated by the increases in calcium content; another study, 
which found no increases in release of leukocytes in adult 
rats deprived of zinc during gestation, did not confirm these 
results (Dreosti, Tao, & Hurley, 1968). However, as mentioned 
previously, the difference between rat and primate metabolism 
and ability to adapt to environmental insults may explain
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this situation. It is conceivable that bone breakdown, re­
leasing zinc may occur in primates although it has not been 
confirmed in rats thourrh not in primates. This is an area 
that indeed needs to be examined.
Further, differences between rat and primate research 
may be due to differences in parity. From an evolutionary 
point of view rats which produce litters and have a shorter 
inter-litter period, allow for more neonatal vulnerability 
than monkeys and other primates that only produce one infant. 
The primate mother also has a greater capacity for monitoring, 
through feedback, the state or progress of the infant’s de­
velopment ; with a rat an average message is conveyed incor­
porating information from several offspring. Therefore, with 
more precise information, the primate mother may make physio­
logical adjustments more adequately (Riopelle, Hill, & Li,
1975),
It is apparent that further studies which examine 
other forms of behavior of maternally zinc deficient rhesus 
monkeys must be performed. Studies which examine postnatal, 
and a conbination of prenatal and postnatal zinc deficiencies, 
need to be looked at. Neurological and biochemical examina­
tions of zinc deficient monkeys are also suggested to deter­
mine whether, in primates, congenital mal formations result 
from intrauterine zinc deficiency. Prior to applying any of 
the rat research to humans, these and other more extensive 
studies must first be verified in primates.
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NEWMAN-KEULS:
ANALYSIS OF MEAN PERCENT CORRECT 
FOR EACH GROUP ON EACH TASK
Zn — Z n — AL AL AL AL Zn — ZnWeigl Color Color Weigl Form Comb. Comb. Form
2.75 3.61 5. 38 6.8156 . 52 7.91* 8.96* 11.11*
.86 2.6359.27 4.06 5.16 6.21 8 . 36*
1.77 3.2060.13 4.30 5. 35 7.50*
1.4361.90 2.53 3.58 5.73
1.10 2.15 4.3063. 33
1.05 3.2064.43
2.1565.48
67.63
* .05
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